A new study in mice shows how signals from the somatic cells surrounding an oocyte control its maturation, prompting translation of a suite of mRNAs. The findings reveal that somatic cells exert a more direct influence on the oocyte than previously believed and have the potential to lead to improved protocols for in vitro maturation, a procedure to treat certain forms of infertility.
DNA Gets Naked
BOR-Papers in Press published 11 December 2013 DOI: 10.1095 A new study identifies a long-sought enzyme responsible for erasing methyl marks on DNA during the development of primordial germ cells (PGCs). The enzyme, Tet1 (ten-eleven translocation), resets the genome to a naïve state.
Tet enzymes are known to strip DNA clean through the oxidation of 5-methylcytosine, a DNA modification that suppresses gene expression. Imprinted genes have such modifications on only one allele, so either the paternal or maternal allele is silenced.
During germ cell development, these marks are erased before being re-established during early embryogenesis in a process that is not fully understood. In a previous study, Yi Zhang and colleagues observed that Tet1 is most highly expressed in primordial germ cells at Embryonic Day 11.5, a key stage during PGC reprogramming, in which methyl marks are cleared from the DNA.
To further assess the role of Tet1, the researchers examined offspring generated by crossing wild-type female mice with Tet1-deficient males. Analysis of the heterozygous offspring suggested that the developing PGCs retained DNA methyl marks of imprinted genes. For instance, sperm from the heterozygous males had high levels of DNA methylation at imprinted regions that were normally stripped of methyl marks.
Pregnancies sired by these sperm had placental anomalies, including decreased placental size. As a consequence, many of the offspring had embryonic growth defects and, of the pups that survived, many showed post-natal growth retardation. Moreover, imprinted genes known to be involved in placental development were dysregulated in these offspring, and showed aberrant methylation patterns. The researchers also found evidence that the imprinting erasure defects could be traced back to PGCs.
Together, the findings fit into a two-wave model of DNA demethylation. Before Embryonic Day 9.5, a first wave of demethylation removes more than 70 percent of methyl marks in PGCs. This first wave occurs independently of Tet1, which is not expressed at the time. A second wave of demethylation after Embryonic Day 11.5 acts as the final sweep-up, during which Tet1 purges the DNA of any remaining methyl marks. Male mice fed a diet deficient in folate, a key molecule for the process of methylation, yield offspring with a range of developmental abnormalities, according to a new study. The sire's sperm had altered epigenetic changes in DNA and histone methylation, hinting at how diet-triggered epigenetic changes in fathers may be passed on to the next generation.
Previous studies have shown that paternal diet can influence the health of offspring; for instance, in the female offspring of male rats fed a high-fat diet, the insulin-making cells of the pancreas become dysfunctional. In addition, folate deficiency in pregnant women has been known to result in offspring suffering from developmental abnormalities. Lambrot et al. now show that fathers deficient in folate also sire offspring with developmental problems.
To examine this, the researchers fed male mice a diet very low in folate. The low-folate diet began in utero, during primordial germ cell formation, and continued throughout adulthood. The researchers observed that the male mice had reduced fertility, and their offspring had developmental abnormalities: 4% of the offspring, for instance, had visible gross anatomical abnormalities, whereas there were no major defects in offspring from fathers fed a folate-enriched diet.
The researchers observed that DNA methylation was altered in the sperm at genes that are associated with development and diseases such as diabetes, cancer, and autism. Moreover, the offspring showed a global reduction in two key histone modifications.
Several essential phases of epigenetic change occur during mammalian development, and future studies may determine where folate fits into this. Folate supplementation, now standard in the U.S. and Canada, has been implemented to ensure that pregnant women consume enough of this important molecule. The new findings hint that adequate folate may also be necessary for males to produce healthy offspring.
